Summary. The prevalence of microalbuminuria was determined in children aged 7to 18 years with Type 1 (insulin-dependent) diabetes of more than 2 years' duration. All patients (n=102) attending 2diabetes clinics were asked to collect 2overnight timed urine samples for albumin analysis by radioimmunoassay. Complete urine collection was obtained in 97patients (95%). Overnight urinary albumin excretion rates were also measured in 36 healthy children matched for age and sex. Nineteen of the 97 patients (20%) had microalbuminutia, i.e. overnight urinary albumin excretion rates above the upper normal level (14/tg/min) in both urine collections. Microalbuminuria was only demonstrated in patients aged>__ 15 years, prevalence 37% (19/52 patients). Arterial blood pressure was elevated, mean 122/84+11/9mmHg, in the microalbuminuric group (19 patients) compared to the age-matched normoalbuminuric diabetic group (33 patients), mean 117/74___ 10/10 mm Hg, p < 0.001. The prevalence of simplex retinopathy was identical in these two groups, i. e, 25%. Glycosylated haemoglobin was slightly higher in the microalbuminuric patients, p < 0.10. Our cross-sectional study reveals a high prevalence (37%) of persistent microalbuminuria, a stage highly predictive of later development of diabetic nephropathy, in Type 1 diabetic children aged >_ 15 years.
Summary. The prevalence of microalbuminuria was determined in children aged 7to 18 years with Type 1 (insulin-dependent) diabetes of more than 2 years' duration. All patients (n=102) attending 2diabetes clinics were asked to collect 2overnight timed urine samples for albumin analysis by radioimmunoassay. Complete urine collection was obtained in 97patients (95%). Overnight urinary albumin excretion rates were also measured in 36 healthy children matched for age and sex. Nineteen of the 97 patients (20%) had microalbuminutia, i.e. overnight urinary albumin excretion rates above the upper normal level (14/tg/min) in both urine collections. Microalbuminuria was only demonstrated in patients aged>__ 15 years, prevalence 37% (19/52 patients). Arterial blood pressure was elevated, mean 122/84+11/9mmHg, in the microalbuminuric group (19 patients) compared to the age-matched normoalbuminuric diabetic group (33 patients), mean 117/74___ 10/10 mm Hg, p < 0.001. The prevalence of simplex retinopathy was identical in these two groups, i. e, 25%. Glycosylated haemoglobin was slightly higher in the microalbuminuric patients, p < 0.10. Our cross-sectional study reveals a high prevalence (37%) of persistent microalbuminuria, a stage highly predictive of later development of diabetic nephropathy, in Type 1 diabetic children aged >_ 15 years.
Key words:
Arterial blood pressure, children, glycosylated haemoglobin, retinopathy, Type I diabetes, urinary albumin excretion.
Diabetic nephropathy is the main cause of increased morbidity and mortality in Type I (insulin-dependent) diabetic patients [1, 2] . Recently, several longitudinal studies have demonstrated that raised urinary albumin excretion (UAE) below the level of clinical albuminuria (Albustix), so-called microalbuminuria, strongly predicts the development of diabetic nephropathy in Type I diabetic patients [3] [4] [5] [6] . Furthermore, cross-sectional studies have demonstrated increased arterial blood pressure and glycosylated haemoglobin in adult Type I diabetic patients with microalbuminuria [5, 7] . Elevated HbAtc has also been demonstrated in microalbuminuric children with Type 1 diabetes [8, 91, while blood pressure has been reported normal [8] .
The aim of our cross-sectional study was (1)to determine the prevalence of microalbuminuria in children aged 7 to 18 years with Type I diabetes of more than 2 years' duration attending two diabetes clinics in Copenhagen, and (2)to evaluate the relationship between UAE and arterial blood pressure, HbAlo and frequency of retinopathy. The study began in 1985 as part of a prospective study on the evolution of diabetic nephropathy.
Patients and methods

Patients
All children (52 girls and 50 boys) between 7 and 18 years of age (median 15 years), with Type 1 diabetes of more than 2 years' duration, attending two diabetes clinics in the county of Copenhagen were asked to participate in the study (Table 1 ). All patients were insulin-dependent from the time of diagnosis, and all received at least 2 daily injections of insulin (mean dose 0.90 U.kg -1 .day-l). None of the patients were taking any other drugs, and none had a history of renal or urinary tract disease. The non-diabetic control group consisted of 36 healthy children (14 boys, 22 girls) aged 8 to 18 years, median age 14 years.
All subjects gave their informed consent, and the experimental design was approved by the local Ethical Committee.
MeNo~
All subjects passed urine immediately before going to bed, discarded this sample, and recorded the time. The urine passed shortly after they got up in the morning was then collected without preservative, and this time was also noted. Any urine passed during the night was also collected into the same container. All children performed 2 overnight timed urine collections within I week. The urine volume was recorded and aliquots stored at -20 °C until analysis of albumin concentration Table 1 . Clinical data of diabetic children with elevated urinary albumin excretion (UAE) (group A) UAE (group B) and an age-matched subgroup of diabetic children with normal UAE (group C) compared to diabetic children with normal by radioimmunoassay with a single antibody [10] . This assay has a sensitivity of 0.5 rag/1 and an interassay coefficient of variation of 9%. The coefficient of variation for overnight urinary albumin excretion rate (UAE) collected at home was 48% in the diabetic children and 45% in healthy children. Complete urine collection was obtained in 97 diabetic children (95%). Arterial blood pressure was measured once in the sitting position after 10 rain rest with a standard clinical mercury sphygmomanometer, cuff size 9 cm in patients below 12 years of age, and 12 cm in patients above 12years of age. The measurements were performed "blindly", without any knowledge of the urinary albumin excretion rate. Diastolic blood pressure was recorded at the disappearance of the Korotkoff sounds (phase 5). Haemoblobin Ale was measured with an isoelectric focusing method, normal range 4.1 to 6.1% [11] . The height of the diabetic child was expressed in percentiles of height of the age-related normal Danish population [12] . Retinopathy was assessed by direct ophthalmoscopy after pupillary dilation.
Statistical analysis
Since urinary albumin excretion rates and percentiles of height are not normally distributed, medians and ranges were used. Statistical analysis was performed with the Mann-Whitney non-parametric test for unpaired values. For the remaining variables, means and standard deviations (SD) and the unpaired Student's t-test (two-tailed) were used. The coefficient of variation for urinary albumin excretion was calculated as the square root of the mean variance of Log~ transformed data (2 collections).
Results
The highest normal value recorded for overnight UAE was 14 #g/min (Fig. 1) . Upper normal level was thus set to 14 #g/min. Urinary albumin excretion rate was not related to the age of the subject, and no difference was demonstrated between girls and boys.
Nineteen out of 97 patients (20%) had overnight UAE above the upper normal level in both urine collections (Fig. 2) , Seven patients had I normal and 1 slightly elevated UAE. Therefore, these patients were asked to perform 2 additional overnight urine collections, which (Fig. 3 ). Diastolic and mean arterial blood pressure values were significantly elevated (p<0.001) in children with raised UAE compared to an age-matched subgroup of normoalburninuric diabetic children (Table 1, Fig.4 ). There were no significant differences in age, duration of diabetes, insulin dose or presence of simplex retinopathy between these two groups (Table 1) . HbAlo was higher (p < 0.10), and body height tended to be lower, in children with raised UAE compared to age-matched normoalbuminuric diabetic children (Table 1) . • female, O male
Discussion
Our cross-sectional study has revealed a high prevalence (20%) of persistent microalbuminuria in children with Type 1 diabetes. Elevated overnight UAE was demonstrated only in children >15 years of age. We have confirmed and extended the observations of Davies et al. [8] , which were based on one 24-h urine collection in hospital (prevalence of microalbuminuria, 15.7%). Rowe et al.
[91 found that 15% of a selected group of diabetic children had microalbuminuria based on a single overnight UAE. Ellis et al. [13] found a much higher prevalence of microalbuminuria (33%) in a group of diabetic children partly selected for the presence of retinopathy. The timed overnight urine collection was chosen to avoid the effects of posture and exercise on albuminuria whilst still allowing a reasonable time interval for collection. This screening procedure for microalbuminuria was accepted by 95% of the diabetic patients. Elevated overnight UAE rates strongly predict the later development of diabetic nephropathy [4] . The risk of developing nephropathy is highest (44%) in Type 1 diabetic patients with diabetes onset in childhood [2] . The present and previous studies [8, 9] suggest that screening for microalbuminuria can be restricted to children above the age of 12 years. The present and previous findings of a high day-to-day variation in UAE strongly suggest that repeated measurements should be performed in order to diagnose incipient and overt diabetic nephropathy [14, 15] . This day-to-day variation in UAE cannot be reduced significantly by the calculation of an albumin/ creatinine ratio [14, 15] . Thus, the huge variation in UAE reflects a biological phenomenon and not incomplete urine collections.
Previous studies [8, 9] , as well as the present study, suggest that microalbuminuria in Type 1 diabetic children is positively related to age, diabetes duration and poor glycaemic control. Elevated HbAlc has also been demonstrated in microalbuminuric adults with Type 1 diabetes [7] . Eight months of near normal blood glucose control achieved by the use of continuous subcutaneous insulin infusion diminished the UAE during everyday life in adult Type I diabetic patients with microalbuminuria [16] . Thus, long-term strict metabolic control may delay or even prevent the progression from microalbuminutia to macroalbuminuria, i.e. diabetic nephropathy. This crucial question is currently being investigated [17] . The progression in microalbuminuria is significantly reduced after 24 months of continuous subcutaneous insulin infusion compared to conventional insulin treatment [18] .
A major novel finding in our study was the demonstration of elevated diastolic and mean arterial blood pressure values in children with increased UAE rates. Davies et al. [8] demonstrated increased diastolic blood pressure measurements in diabetic children compared to non-diabetic children. Elevated arterial blood pressure is present in adult Type 1 diabetic patients with microalbuminuria [5, 7] . Recently we have demonstrated a considerable decrease in urinary albumin excretion (44%) during acute blood pressure reduction in normotensive Type I diabetic patients with persistent microalbuminuria [19] . Elevated blood pressure accelerates, and effective blood pressure reduction slows down, the progression of diabetic nephropathy and reduces albuminuria [20] . Thus, the treatment of blood pressure elevations at much lower levels than attempted in the past may have a beneficial effect on the progression from microalbuminuria to macroalbuminuria, i.e. diabetic nephropathy.
